The genetically engineered potato cultivar Katahdin SP951 is resistant to late blight disease, which is caused by Phytophthora infestans. The biosafety and food safety of this cultivar should be assessed prior to its commercialization. Toxicity is one of the parameters tested in the food safety evaluation of transgenics. Toxicity testing includes the bioinformatics analysis of the homology of the RB protein of Katahdin SP951 with known proteins. Therefore, this study aimed to perform the bioinformatics analysis of Katahdin SP951 RB protein against homologous toxin proteins. Bioinformatics analysis was conducted by first translating the RB gene into an amino acid sequence by using the Emboss Transeq program from the EMBL-EBI website. The Shuffle Protein Program was then applied to obtain the randomized amino acid sequences of the RB protein. The Basic Local Alignment Search Tool (BLAST) Protein search program was utilized to identify proteins with high similarity and homology. Moreover, BLAST Suite-2 was used to analyze the homology between two or more sequence alignments. Results showed high homology between the sequences of the RB protein and those of known resistance (R) proteins with an E value of less than 0.22. This result may be attributed to the presence of numerous R proteins in plants. Further analysis indicated that the sequence of the RB protein had extremely nonsignificant homology with sequences of proteins known to be toxic in the Entrez protein database of National Center for Biotechnology Information. Therefore, the RB protein is nontoxic.
Introduction
Potato (Solanum tuberosum L.) is a starchy vegetable crop that is the fourth most important food crop after wheat, maize, and rice. In Indonesia, the potato is one of several strategic commodities necessary to support national food security [1] .
Late blight disease, which is caused by Phytophthora infestans, is a major cause of reductions in potato yields [2] . It can result in 100% yield loss and is usually prevented through high-frequency fungicidal spraying. However, the intensive use of fungicidal spray not only results in environmental pollution but increases production costs. Therefore, several efforts have been made to minimize spraying. One of these approaches is the production of transgenic potato plants that are resistant to P. infestans.
The transgenic potato line SP951 was generated by inserting the RB gene from Solanum bulbocastanum, a wild diploid potato species, into the Katahdin potato variety. The RB gene is a resistance (R) gene and is thus highly similar to other R genes. It is responsible for the high resistance of S. bulbocastanum to late blight [3] . Therefore, potato varieties transformed with the RB gene are expected to be resistant to late blight disease.
In Indonesia, the transgenic potato cultivar Katahdin SP951 has been conventionally crossed with the nontransgenic varieties Atlantic or Granola. Intensive field tests have been performed to verify the resistance of the progenies of crosses between these varieties and to select those with high levels of resistance [4] . The Indonesian government regulation Peraturan Pemerintah no. 21 tahun 2005 states that the biosafety of a transgenic variety must be assessed prior to its release. Biosafety assessment includes subjecting the transgenic product to toxicity tests. A study on the oral toxicity of juice and powder from the transgenic potato cultivar Katahdin SP951 revealed that the nontransgenic variety Katahdin and its hybrid lines showed no effect on the clinical signs of mice [5] .
In the present work, a bioinformatics analysis was conducted to determine the possibility that the amino March 2019  Vol. 23  No. 1 acid sequence of the RB protein shows significant homology with the sequences of proteins identified as toxins in the latest posting of the National Center for Biotechnology Information (NCBI) Entrez Protein Database (https://www.ncbi.nlm.nih.gov/protein/) and to support the results of toxicity tests. The database contains more than 5 millions amino acid sequences. The RB protein sequence was systematically compared with all publically available protein sequences in the database by using the Basic Local Alignment Search Tool Protein (BLASTP) search program (https://blast.ncbi. nlm.nih.gov/Blast.cgi?PAGE = Proteins) [6] . Statistically significant amino acid sequence homologies were determined on the basis of the E value, which describes the number of hits expected to be seen by chance when a database of a certain size is searched. A high E value indicates a low match between two compared sequences, whereas a low E value indicates a high match between two compared sequences. An E value that is equal to or close to zero indicates that the query sequence and its result are likely related. The method of using E value to establish the amino acid sequence homology has been applied to transgenic products. The E value has been used to set a significant threshold for the assessment of the homologies of amino acid sequence in mEPSPS [7] and Vip3Aa20 [8] . In the present study, the RB protein of transgenic Katahdin SP951 was analyzed and compared with previously identified toxin proteins on the basis of amino acid sequence homology.
Materials and Methods
DNA and amino acid sequences. A 2,913-bp RB gene sequence (accession no. AY303171 [9] ) was obtained from the leaves of the transgenic potato cultivar Katahdin SP951 [10] and was then translated into an amino acid sequence by using the Emboss Transeq program from EMBL-EBI Table 1 .
Results and Discussion
The RB gene (accession no. AY303171 [9] ) obtained from transgenic potato Katahdin event SP951 has a length of 2,913 bp and codes for 971 amino acids ( Figure 1 ). The amino acid sequence of the RB gene was then randomized by using the Shuffle Protein Program to obtain five shuffled amino acid sequences (data not shown). These sequences were designated as Shuffle 1, 2, 3, 4, and 5. The amino acid composition of the sequences is the same as that of the RB protein. Matches for the five sequences in the BLASTP program featured high E values ( Table 2 ). The lowest E value obtained from the five shuffled amino acid sequences was 0.22. An E value of 0.22 is considered to be high, and therefore, this value would likely to identify a high number of protein from GenBank as homologs to RB proteins. Indeed, the results of homology search using the BLASTP program with the parameters described in Table 1 yielded 26,537 proteins. The homologs of the RB proteins are present in Solanum and other plant species. For example, RGA1, RGA2, RGA3, RGA 4, and RGA 5 are blightresistant proteins that are highly conserved in several species [12, 13] . In addition, the presence of conserved domains, such as the NB-ARC and LRR domains, in the RB protein sequence increased the number of matches.
Figure 1. Amino Acid Sequence of the RB Protein from the Transgenic Potato Katahdin Event SP951. Translation was Performed by Using the Emboss Transeq Program
Although 248 proteins from 32 plant species have an E value of 0.0, only 25 proteins share more than 70% identity with the RB protein (Table 3 ). In other words, there are 25 short protein sequences matches with 70% identity to RB proteins. These short sequences are possibly conserved regions present in the RB protein.
Given that EYU29791.1 is a hypothetical protein, its identity as an actual protein and its existence remain unconfirmed in the absence of real experimental data [14] . This hypothetical protein was derived from Erythranthe guttata and Mimulus guttatus. It contains a region that was identified as Toxin 10, which is an insecticidal crystal toxin found in Bacillus strains. The region of Toxin 10 spans from amino acid 4 to amino acid 120 [15] . BLASTP results showed that EYU29791.1 and the RB protein share a homology of only 23% (Table 4 ). The Toxin 10 region of EYU29791.1 was aligned against the RB protein sequence by using the BLAST Suite-2 sequence program to emphasize these results as explained below. The alignment results showed that homology between the Toxin 10 region of EYU29791.1 and the RB protein was 19%, which was lower than that between EYU29791.1 and the RB protein. In addition, the E value of the alignment drastically increased to 0.0001 (Table  5 ). These results indicate that the Toxin 10 region of EYU29791.1 and the RB protein have very low homology. Therefore, in contrast to Toxin 10, the RB protein lacks a toxic property.
XP_008356243.1 is a receptor-like protein from apple (Malus domestica). The region encompassing amino acid 22 to amino acid 87 of this protein contains an Alpha toxin.
Conclusion
The NCBI Entrez Protein Database revealed that the sequence of the RB protein from the transgenic potato cultivar Katahdin SP951 has extremely nonsignificant homology with that of any proteins known to be toxic to humans. Therefore, the RB protein is nontoxic.
